Synthesis and conformational behavior of dibenzo[2.2]metaparacyclophanediene. by Wong, Timothy. & Chinese University of Hong Kong Graduate School. Division of Chemistry.




A thesis submitted in partial fulfillment o:
the requirements for the degree of
Master of Philosophy
in
The Chinese University of Hong Kong
19K8
Thesis Committee:
Dr. Henry N. C. Wong, Chairperson
Dr. Tze-Lock Chan
Dr. Tien-Yau Luh




II. List of Nomenclature 2
III. Abstract 5
IV. Introduction 6
V. Results and Discussion:
(1) Synthetic strategy 19
(2) Preparation of benzo[2.2]metaparacyclophane (9) 21
3Preparation of benzo[2.2]metaparacyclophan-9-ene
(27) and dibenzo[2.2]metaparacyclophanediene (28) 26
(4) Interpretation of the room temperature and variable
temperature 1H NMR spectra of benzo[2.2]metapara-
cyclophane (9), benzo[2.2]metaparacyclophan-9-ene
(27) and dibenzo[2.2]metaparacyclophanediene (28) 29
(5) Conformational behavior of benzo[2.2]metaparacyclo-
phane (9), benzo[2.2]metaparacyclophan-9-ene (27)
and dibenzo[2.2]metaparacyclophanediene (28) 45
VI. Conclusion 48
VII. Experimental Section 52
VIII. References 64
IX. Spectra: NMR and UV 68
I. Acknowledgements
The author wishes to express his sincere thanks to his supervisor,
Dr. Henry N. C. Wong, for his invaluable advice, guidance and
encouragement during the course of research and the preparation of this
fin r» i o
He is also grateful to Messrs. Y. H. Law, K. W. Kwong and C. W
Fung for their assistance in measuring all the 250 MHz proton NMR anc




The Chinese University o
Hong Kong
























The synthesis of two cyclophanes, namely, benzo[2.2]metaPara-
cyclophan-9-ene (27) and dibenzo[2.2]metaparacyclophanediene (28)
will be described. Using variable temperature 1H NMR technique, the
free energy of activation of the conformational flipping process (AG C
and the coalescence temperature (T of benzo [2.21 me tap aracyclophane
(9), benzo [2.2]me tap aracyclophan-9-ene (27) and dibenzo[2.2]metapara-




Special attention will be emphasized on the comparison of the
conformational behavior of several metaparacyclophanes, including-
[2.2] me tap aracyclophane (6), [2.2]metaparacyclophane-1,9-diene (8),
benzo[2.2]metaparacyclophane (9), benzo[2.2]metaparacyclophan-9-ene
(27) and dibenzo[2.2]metaparacyclophanediene (28), in terms of the free
energy of activation of the conformational flipping process (zG c).
IV. Introduction
In the late 1940s, a polymer research team at ICI in Great Britain,
during an attempt to prepare polymer from p-xylylene by high-
temperature pyrolysis (900 °C) of p-xylene (Scheme I), isolated and
c
crystallized a minute amount of a nonpolymeric substance1. However, it
was not until 1949 that this chemical substance was characterized as
[2.2]paracyclophane (1) by Brown and Farthing using X-ray analysis24.
At nearly the same time,Cram and his first graduate student, Steinberg,
had started the first cyclophane synthesis project whose aim was to
prepare the molecule 1 by employing a high-dilution, intramolecular
Wurtz coupling reaction of 2 (Scheme I). When they learned of the work




From then on, the development of cyclophane chemistry can be
mainly attributed to the efforts from its pioneers, Cram}' and other
scientists2. The advances of this research field stem from the
interesting physical properties, novel synthetic concepts and strategies of
the cyclophane molecules. It is therefore not surprising that many
reviews00 have been published on the chemistry of cyclophane
compounds.
According to the commonly used nomenclature00, homologs of 1
are classified as [tfz.z]paracyclophanes (3), where m and n are the
numbers of the methylene groups on the two aliphatic chains bridging the
two benzene rings, with the prefix describing the anchoring points of the
chains. Moreover, the stem of the word cyclophane' comes from a
contraction of the words: cyclo, phenyl and alkane. Similarly,
molecules 4 and 5 are named and classified as [7z.z]metaparacyclophanes
and m.n Imetacyclophanes respectively.
[m.zzjparacyclophane (3 [7z.z]metaparacyclophane (4'
[ftt.zlmetacyclophane (5)
It is interesting that the two benzene rings of [2.2]paracyclophane
(1) appear to be in a boat form and are bentooa towards each other due
probably to the strong k—k repulsions between the two benzene rings and
from this feature an increased -electron density on the outside faces of
the benzene rings is resulted. This might account for its characteristic UV
spectrum and the appearance of charge transfer band upon its
complexation with tetracyanoethylene (TCNE).
Similar deformation0oa from planar benzene ring is observed in the
[2.2]metaparacyclophane (6) and [2.2]metacyclophane (7). The para ring
in [2.2]metaparacyclophane (6) is more severely bent from planarity than
in 1 and its meta-bridged ring is also bent into a slight chair. In the and
form of 7, the benzene rings are again bent from planar configuration
into shallow boats.
[2.2]paracyclophane (1 [2.2]metaparacyclophane (6)
[2.2]metacyclophane (7
In the following part of this thesis, concentration will be put on th
chemistry of [2.2]metaparacyclophanes.
Successful preparation of [2.2]metaparacyclophane (6) as well as
the variable temperature NMR spectra (Figure 1) of 6 were reported7
more than two decades ago. From the NMR study, it was suggested
that the structure of the cyclophane 6 in which the two benzene rings are
perpendicular is not the preferred conformation, but a transition state for
the flipping of the meta-bridged ring (Scheme 11).
Figure 1. Variable temperature lH NMR spectra of [2.2]metapara
cyclophane (6) in hexachlorobutadiene (60 MHz)
Scheme II. Conformational flipping of [2.2]metaparacyclophane (6)
Noteworthy in the NMR spectrum of molecule 6 measured at 40
°C is that the molecule 6 is in conformity with a geometry in which the
meta-bridged ring is partially overlapping and more or less parallel to the
para-bridged ring (Scheme 13). Consequently, the outside aromatic
protons (Ha) of the para-bridged ring are in the usual aromatic region (t=
2.87) due to the influence of deshielding from the two rings. Besides, the
inside aromatic protons (Hx) feel the shielding effect from the upper ring
and are shifted upfield
Increasing the temperature leads to line broadening and finally a
coalescence at 146 °C that is indicative of an exchange of the inside and the
outside aromatic protons of the para-bridged ring. The exchange process
is effected in this case by the conformational flipping of the meta-bridged
ring. Upon further rise in temperarure to 185 °C, a singlet which
corresponds to the four para-bridged protons appears at t= 3.5.
Nevertheless, the ABCD system of the coupled aliphatic protons alter
from a very wide unsymmetrical pattern and finely split multiplet to a
multiplet with a centre of symmetry at 185 °CS.
The value of is estimated-3 to be kJmol in this dynamic
process by usmg trie best Known relation equation j
(1)
where the parameters Tc and Av are the coalescence temperature and the
maximum frequency separation for protons Ha and Hx, respectively.
Presumably, the structure of the transition state for this dynamic
flipping reveals that the meta-bridged ring is perpendicular to the para-
bridged ring with the interior proton (Hi) of the meta-bridged ring
pointing into the cavity of the 7T-electron cloud of the para-bridged ring
and being only about 2.1 A from the aromatic carbon framework1.
Two other interesting variations of the bridge pattern of molecule 6
1° 11 17
concern the synthesis of [2.2]metaparacyclophane-l,9-diene (8)1
and benzo[2.2]metaparacyclophane (9)j0.
6 8 9
Several approaches had been recorded for the synthesis of 6 and 8.
As shown in Scheme m, [2.2]paracyclophane (1) was rearranged7 in a
solution of dry dichloromethane saturated with hydrogen chloride and
aluminium chloride at 0 °C to give [2.2]metaparacyclophane (6).
Scheme III
A different method was executed1 by employing the coupling
reaction (Scheme IV) between the dianion generated from isophthal-
aldehyde bis(l,3-propanedithioacetal) (10) andp-xylylene dibromide
(11), yielding the corresponding [2.2]metaparacyclophane derivative 12




Moreover, [2.2]metaparacyclophane (6) could be prepared by
catalytic hydrogenation17 of 8 over platinum (Scheme V).
Scheme V
The fourth method (Scheme VI) to prepare derivatives of 6 was
achieved by high-temperature pyrolysis1' of the bissulfone compounds
13, synthesized from MCPBA oxidation of the corresponding 2,11-
dithia[3.3]metaparacyclophane derivatives 14. The dithia-cyclophane
derivatives 14 are prepared by the condensation of substituted 1,3-










Y= H, X= F, OCH3, N02, B
X= H, Y= Br, CH3
13
Compound 8 was synthesized by the following method, which
involved the use of [2.2]metaparacyclophane derivative 12 as the starting
material (Scheme VII). Thus, compound 12 was treated with mercuric
chloride in methanol to give diketone 17 which was then reduced to
diastereoisomeric mixture of diols 18. Conversion of 18 to ditosylates








The second preparation17 of 8 (Scheme VIE) involved synthesis of
2,ll-dithia[3.3]metaparacyclophane (14) through the condensation of
1,3-bis(mercaptomethyl)benzene (20) and p-xylylene dibromide (11).
Compound 14 was then converted to the corresponding bis(sul-
fonium)fluoroborate 21 with dimethoxycarbonium fluoroborate. Stevens
rearrangemet of 21 with ion exchange resin afforded a mixture of two
isomers, 22 and 23. The mixture of 22 and 23 was subjected to
methylation using dimethoxycarbonium fluoroborate. Susequent treat¬
ment with sodium hydride gave 8 via Hofmann elimination.













Benzo[2.2]metaparacyclophane (9) was prepared30 (Scheme IX)
via the pyrolysis of sulfone 24 which was prepared from the oxidation of
cyclic sulfide 25. The cyclic compound 25'was in turn obtained from the








As mentioned earlier, [2.2]metaparacyclophane (6)8 showed
coalescence temperature at 146 °C, thus resulting ir 37 kJmol
Interestingly, [2.2]metaparacyclophane-l,9-diene (8)17, benzo[2.2]meta-
paracyclophane (9)30 exhibited coalescence temperature (T at -96 °C
and 116 °C, as well as AG c of 35 and 76 kJmol respectively. In view of
the variations of the reported results on coalescence temperature and
among compounds 6, 8 and 9, it is thus of particular interest to
investigate the conformational behavior of other benzo-fused derivatives
of [2.2]metaparacyclophane-l,9-diene (8), namely, benzo[2.2]metapara-
cyclophan-9-ene (27) and dibenzo[2.2]metaparacyclophanediene (28).
9 27 28
It is the aim of this thesis to discuss the synthesis and conformational
behavior of benzo[2.2]metaparacyclophan-9-ene (27) and dibenzo[2.2]-
metaparacyclophanediene (28). Benzo[2.2]metaparacyclophane (9)
serves as the starting material of cyclophanes 27 and 28. Detailed
investigations concerning the conformational flipping of cyclophanes 9,
27 and 28 will be made through recourse to their variable temperature
11 NMR spectra.
V. Results and Discussion
(1) Synthetic strategy
Dibenzo[2.2]metaparacyclophanediene (28) could be synthesized
by deoxygenation35'37 of the endoxide 29 which might in turn be
obtained from the Diels-Alder reaction of strained acetylenic intermediate
3q38-40 furan (31). Acetylene 30 could be generated from the
didehydrobromination of dibromide 32 which might be obtained from
benzo[2.2]metaparacyclophane (9)j041 in several steps via benzo[2.2]-













(2) Preparation of benzo[2.2]metaparacyclophane (9)28'30
p-Toluidine (33) was converted to ?-iodotoluene (34) via diazoti-
zation by treatment with sodium nitrite solution, and the diazonium salt
was treated with potassium iodide-iodine solution at a temperature of 0 °C
to afford the iodo compound 34 in , rnp:
Heating a mixture of p-iodotoluene (34), p-nitrobenzoic acid (35)
and quinoline to 160 °C, followed by addition of copper (I) oxide and
elevation of the reaction temperature to 190-220 °C afforded an orange
liquid of 4-methvl-2'-nitrobiphenyl (36) in 40% yield after reduced








Then, 4-methyl-2'-nitrobiphenyl (36) was reduced with hydrazine
hydrate and Raney nickel in refluxing ethanol. The brown colored liquid
of 2-amino-4,-methylbiphenyl (37) was obtained in nearly quantitative





The next step was to treat 2-amino-4'-methylbiphenyl (37) with
sodium nitrite solution in hydrochloric acid and the diazonium salt was
allowed to react with potassium iodide-iodine solution at
iodo-4'-methvlbiDhenvl (38) in 60% overall vield from
3,4M-Dimethyl-l,r:2r-terphenyl (39) was furnished in a three
step-one pot reaction from compound 38. The first step involved the
lithiation of 38 with z-butyllithium at 0 °C. Then, the lithiated salt was
allowed to undergo nucleophilic addition to j-methylcyclohex-2-enone
(40)42, giving alcohol 41 which was dehydrated to afford diene 42.
Finally, the diene 42 was aromatized with 2,3-dichloro-5,6-dicyano-l,4-
hen7.onninone fDDOl in rpfhiYinor tnliipnp to nrnviHp vi?rniiQ rnlnrlpcc
lirmiH nf






Photo-induced bromination of 3,4-dimethyl-l,l':2',l-terphenyl
(39) with two equivalents of A-bromosuccinimide (NBS) in carbon
tetrachloride was effected by a 500 W sunlamp41. 3,4-Bis(bromo-
methyl)-l,l':2',l-terphenyl (43a) and monobromides 43b were isolated
as yellowish liquids in 60% and 26% respectively28. 43a: H NMR
(NMR-6a) 5 4.25 (s, 2H, -CH2-), 4.38 (s, 2H, -CH2-), 6.90-7.36 (m,
12H, ArH). 43b: NMR (NMR-6b) 52.25-2.30 (2s, 3H, -CH3), 4.50 (s,




As mentioned earlier in Scheme IX, benzo[2.2]metaparacyclophane
(9) has been synthesized by three steps30 from 3,4-bis(bromomethyl)-
l,r:2',l-terphenyl (43a). However, an one step reaction which made
use of a phenyllithium44-mediated intramolecular coupling23 of
dibromide 43a under high dilution condition was chosen for the synthesis
of benzo[2.2]metaparacyclophane (9), which was isolated in 52% yield41,
mp 117-119 °C (from hexanes) (lit.30 mp 118-119 °C). Its NMR







(3) Preparation of benzo[2.2]metaparacyclophan-9-ene (27)
and dibenzo[2.2]metaparacyclophanediene (28)
x,a'-Azobisisobutyronitrile (AIBN) initiated M-bromosuccinimide
(NBS) photobromination of benzo[2.2]metaparacyclophane (9) in carbon
tetrachloride afforded a mixture of the isomers of monobromide 44 (mp
119-123 °C) in 53% yield as well as the starting material 9 in nearly equal
amount4 The NMR spectrum (NMR-8) is complex and cannot be
analyzed. The mass spectrum of 44 exhibits mle 334 and 336 in 1:1 ratio
which provides the evidence for the monobromide 44.
NBS, AIBN
The isomeric mixture of 44 was not purified and was
dehydrobrominated with potassium f-butoxide to furnish benzo[2.2]meta-
paracyclophan-9-ene (27) in 86% yield as the only isolable product41.
Compound 27 forms colorless crystals from hexanes, mp 90-91 °C. Its
NMR spectrum (Figures 2a, 2b; NMR-9) will be discussed in p 30. The
base peak of the molecular ion of 27 appears at mle 254 in its mass
spectrum.
- BuO'KC. THE
Benzo[2.2]metaparacyclophan-9-ene (27) was treated with
bromine to give isomeric mixture of dibromides 32a and 32b after
column chromatography. It is possible that 32a (mp 243-248 °C) and 32b
(mp 136-140 °C) will each be a mixture of dibromides. The NMR spectra
(NMR-10, 10a and 10b) are complex and cannot be analyzed. The mass
spectra of 32a and 32b show a pattern of 1:2:1 at mle 412, 414 and 416
which gives evidence for the dibromides.
The unseparated isomeric mixture of 32a and 32b was directly
subjected to dehydrobromination with potassium r-butoxide in the
presence of a large excess of furan (31). Again, isomeric mixture of 1,4-
dihydro-l,4-endoxo-14,17-etheno-5,9-methenobenzocyclotridecene (29)
(mp 300 °C) was afforded in 53% yield probably via the intermediacy of
alkyne 3(PS40. Similar reaction was carried out on either 32a or 32b
separately and they both furnished a product whose structure is in accord
with the endoxide 29. Its NMR spectrum (NMR-11) is complex and
cannot be analyzed. The mass spectrum of 29 shows a base peak of the
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30
The isomeric mixture of 29 was not separated and was
deoxygenated with TiCl4-LiAlH4-NEt335j8 in tetrahydrofuran under
nitrogen to afford dibenzo[2.2]metaparacyclophanediene (28) in 67%
yield. Compound 28 forms colorless crystals (from hexanes) which
decompose at 250 °C. Its NMR spectrum (Figure 4; NMR-12) will be
discussed in p 35. The base peak of the molecular ion of 28 appears at mle





(4) Interpretation of the room temperature and




The room temperature H NMR spectra of benzo[2.2]metaparacyclo-
phane (9), benzo[2.2]metaparacyclophan-9-ene (27) and dibenzo[2.2]metapara-
cyclophanediene (28) will first be interpreted. These interpretations are
prerequisite for the understanding of the variable temperature !H NMR spectra
of 9, 27 and 28 which provide further information to the estimation of
: as well as to the study of the conformational flipping behavior of 9, 27
and 28.
The absorptions of the room temperature H NMR spectrum (Figure 2a;
NMR-9) of benzo[2.2]metaparacyclophan-9-ene (27) in CDCI3 can be divided
into four different groups41. Firstly, the noteworthy singlet at 8 6.93 is
attributed to the four protons (H-5, H-6, H-7 and H-8) on the para-bridged ring
(This singlet changes to an A2B2 system when the solvent used is d6-acetone as
shown in Figure 2b). Secondly, two doublets of an AX system centered at 8 6.75
and are assigned to the two olefinic protons (H-9 and H-10) on
the etheno-bridge. Thirdly, singlet at 8 4.79 corresponding to one proton (H-
14), two doublets at 8 6.88-6.89 (Jortho- 7.5 Hz) and
Hz) corresponding to two protons (H-l 1 and H-13) and the triplet at
1 corresponding to one proton (H-12), are attributed to
the four protons of the meta-bridged ring. Finally, the absorptions of the four
protons of the ortho-bridged ring appear as a quintet of doublet at
) corresponding to two protons
and two doublets of doublet at
) corresponding to two protons (H-l and H-4).
5, 6, 7, a
p•







Similarly, the absorptions of the room temperature H NMR
spectrum (Figure 3; NMR-7) of benzo(2.2]metaparacyclophane (9) in
CDCI3 can also be divided into four different groups41. The first four sets
of multiplet at 5 2.21-3.27 (ABCD system, Fab= 0 Hz, JAC= 11.8 Hz, ad
= 6.5 Hz, Jqq= 5.7 Hz,= 11.8 Hz andQ)= 11.8 Hz) are indicative of
the four ethano-bridged protons. This is attributable to the rigidity of the
molecular framework of 9 which results in different magnetic
environment of each proton. These four nonequivalent protons show an
ABCD system as shown in Figure 3. Secondly, it is noted (Figure 3) that
the AB sty stem (H-5 and H-6) at 8 6.07-625 (Tab= 8-0 Hz, Tax =BY=
1.6 Hz and ay= BX= 0 Hz) and the other AB system (H-7 and H-8)
obscured by the multiplet of the ortho-bridged ring (at 8 729-7.65)
correiaze to the four protons of the para-bridged ring. Thirdly, the triplet
at 8 5A2-5.4 (Jme:a- 1-6 Hz) corresponding to one proton (H-14), two
doublets at 5 6.81-6.95 (ABC system, Tab= BC -7.5 Hz) corresponding
to two protons (H-ll and H-13), and one triplet at 8 7.10-7.16 (ABC
system, 7ab ~7bC- 7.5 Hz) corresponding to one proton (H-12), are
attributed to the four protons of the meta-bridged ring. Finally, the
multiplet due to the absorptions of the four protons of the ortho-bridged
rine overlaps in the region of 8 7.29-7.65 with the AB system of the
protons of the para-bndged ring. This assignment is supported by the
integration of the relative peak intensity which is equal to six protons




Theoretically, three groups of protons will be assigned for the para-
bridged ring, the meta-bridged ring and the two ortho-bridged rings in
compound 28. However, only the peaks correlated to the meta-bridged ring
and the two ortho-bridged rings can be clearly assigned from the room
temperature H NMR spectrum of 28 in d6-acetone (Figure 4; NMR-12).
The absorptions of the four protons of the para-bridged appear as an
extremely broad peak at 8 6.95 which is difficult to detect. The triplet at 8
) corresponding to one proton (H-16), the doublet
of doublet at ) corresponding to
two protons (H-13 and H-15) and the triplet a
8.0 Hz) corresponding to one proton (H-14), are assigned to the four protons
of the meta-bridged ring. The absorptions of the four protons (H-2, H-3,
H-10 and H-ll)of the ortho-bridged ring exhibit as a set of multiplet at 5
) corresponding to four protons
and the doublet of doublet a
cnrre.snonds to the other four protons (H-l, H-4, H-9 and H-l 2
Other NMR spectroscopic studies have been performed in order to
elucidate the proposed assignment of the peaks in the room temperature lR
NMR spectrum of 28. Firstly, the spin decoupling experiment (Figure 5) was
carried out for 28 in order to assign the four meta-bridged protons. When the
triplet at 55.12-5.14 of the proton H-16 was irradiated, the doublet of doublet
at 57.08-7.12 of protons H-13 and H-15 changed to a doublet probably due to
the decoupling of the coupling between these three protons arranged in a meta-
orientation. Moreover, irradiation of the doublet of doublet (at 5 7.08-7.12) of
protons H-13 and H-15 caused the triplet at 5 5.12-5.14 of the proton H-16 as
well as another triplet of H-14 to appear as a single peak. These changes in the
splitting patterns might support the meta-onentation of H-l j, H-15 and H-16
as well as the ortho-orientation of H-14 to H-13 and H-15.
Figure 4






The next NMR technique employed was the homonuclear 2-D
COSY experiment (Figures 6a and 6b). Good spectral correlations are in
conformity with the proposed assignments of the meta-bridged ring and
the two ortho-bridged rings.
By the variable temperature NMR method, the four para-
bridged protons (H-5, H-6, H-7 and H-8) could be detected and hence the
structure of 28 is established. As mentioned earlier, the absorptions of the
four para-bridged protons appear as an extremely broad peak at 5 6.95 at
24 °C. This phenomenon might be attributed to the coalescence of the four
para-bridged protons at 24 °C due to conformational flipping. In order to
prove this situation, the temperature of H NMR probe was elevated as
well as lowered to detect the signals (Figure 7) correlated to the para-
bridged protons. Upon heating, the singlet of the expected protons
gradually became sharper at 8 6.95, which could be integrated as four
protons. Cooling of 28 resulted in the exhibition of two singlets at 8 6.51
as well as at 8 7.50, which were attributed to H-5, H-6, as well as to H-7,
H-8 respectively. The singlet at 5 6.51 correponds to two protons while
the singlet at 8 7.50 is overlapped by the multiplet of the ortho-bridged
protons at 57.40-7.55. The overlap is confirmed by the integration of the
relative peak intensity which is recorded to be equal to six protons over
the region of 5 7.40-7.55 at a temperature as low as -21 °C. The
aforementioned observations are in agreement with the assumption that
the temperature of 24 °C is the coalescence temperature of the
conformational mobile compound 28. The thermodynamic parameter































Using the variable temperature H NMR method, the coalescence
temperature of benzo[2.2]metaparacyclophan-9-ene (27) in d6-acetone
was also recorded (Figure 8) upon cooling. As the temperature was
decreased, the A2B2 system of the four para-bridged protons collapsed to
give two broad peaks at 5 6.53 and 57.56. The broad peak at 57.56 is
however obscured by the quintet of doublet at 5 7.35-7.50.
Being different from compound 27, the coalescence temperature of
benzo[2.2]metaparacyclophane (9) was determined (Figure 9) upon
elevation of the temperature of the NMR probe. It is worthy to note that
the two AB systems of the para-bridged ring, one at 5 6.07-6.25 and one
being obscured by the multiplet at 5 7.29-7.65, collapsed upon heating and
thev merged to give a single Deak at 5 6.60 at 130 °C.
Similarly, the recorded coalescence temperature as well as
calculated value (by equation : of benzo[2.2]metaparacyclo-
phane (9) and benzo[2.2]metaparacyclophan-9-ene (27) are estimated to
be 116 °C and -41 °C as well as 75 and 44 kJmol respectively. These























As can be seen in Table I, the free energy of activation for the
conformational flipping process and the coalescence
temperature (Tc) seem to bear intrinsic correlation with the bond types of
the bridges connecting the meta-bridged ring and the para-bridged ring.
Boekelheide and Mitchell have compared the as well as the
T c of [2.2]metaparacyclophane (6) and [2.2]metaparacyclophanediene
(8). The former ascribed4 D the sharply-lowered energy barrier for the
flipping process of 8, as compared to 6, to two factors: 1) the changed
geometry does not require as deep a penetration of the C-8 proton into the
-electron cavity of the para-bridged ring and 2) the energy of the
transition state (Scheme XI) is lowered by conjugative stabilization as the
meta-bridged ring becomes coplanar with the two vinyl bridges.
Scheme XI
6 8
In addition, the latter accounted46 the change in AG c to the
opening of the bridge angles to ca. 120° (in C-2 and C-9 of 8) from 109°
(in C-2 and C-9 of 6) which will compensate the shortening of the bond
length of the CC double bond (Scheme XII). As an overall result, the C-8
proton of 8 on the average penetrates farther into the -cavity than does




Dibenzo[2.2]metaparacyclophanediene (28), having transitioi
«
state (Scheme XIII) being lowered by 1) conjugative stabilization as tht
meta-bridged ring becomes coplanar with the two ortho-bridge rings a:
well as bv 21 the onenina of the bridge angles to ca.l20°, is expected tc
show simila value to that of 27 at the first sight. However, the
vcilnp rl is larger in value than th of 27 and is
smaller than tl of 9
Scheme XIII
28
This might be due to the non-bonded interaction (Scheme XIII)
between the C-l proton and the C-15 proton as well as the C-12 proton
and the C-l3 proton, resulting from the conformational flipping of the
meta-bridged ring of 28. The effect of this non-bonded interaction is
expected to increase the value of the energy barrier in the flipping
process, and might therefore counterbalance the effect arisen from the
elongation of the bond length of the aromatic CC bond from the CC
double bond.
VI. Conclusion
Indeed, in this project a simplified molecular model of metapara-
cyclophane was envisaged by considering only the effects of the bond
angle and bond length of the bridges connecting the meta-bridged ring and
the para-bridged ring as well as the effect of the non-bonded interaction
resulting from the twisting of the CC bonds connecting the meta-bridged
ring and the ortho-bridged rings. Other studies should be designed in
order to probe the factors that might contribute to the variations of the
observed as well as the Tc of the metaparacyclophanes, 6, 8, 9, 21
and 28, in a quantitative approach, e.g. Hammett plot (substituent
effect).
In order to understand better the role as well as the contribution of
the C-16 proton of compound 28 in the conformational flipping process,




With regard to the predicted strong interaction between the C-16
proton and the para-bridged ring of 28, it will be of special interest to
prepare compound 45 which is expected to show characteristic
conformational kinetic isotopic effect18, i.e. the change in bond length
from C-H bond to C-D bond will diminish the crowding of the C-16
proton in the transition state of the conformational flipping and in turn
will hasten the rate of the flipping process. In other words, this change
might promise a steric isotopic effect. Moreover, a further decrease in
the crowding might be achieved by replacing the C-16 atom with a smaller
group, nitrogen and its lone pair of electrons as in compound 46. In
addition, a fluorine atom is chosen to substitute on the C-16 atom in
consideration of its comparable size to a hydrogen atom, but more
important is its large electron withdrawing effect that might retard the
rate of flipping by stabilizing (ground state effect) the vibrational ground
state in which the meta-bridged ring and the para-bridged ring are skewed
in a face to face orientation similar to other organic charge transfer
complexes (or donor-acceptor complexes), e.g. the complex of 1,3,5-
trinitrobenzene and toluene.
In consideration of a more convenient temperature range suited for
the employment of variable temperature NMR technique as a method
of kinetic monitor, it can be envisioned that dibenzo[2.2]metaparacyclo-
phanediene derivatives will be kinetically more versatile, and are better
than those of [2.2]metaparacyclophane (6) or [2.2]metaparacyclophane-
1,9-diene (8). (The coalescence temperature of [2.2]metaparacyclophane
(6), [2.2]metaparacyclophane-1,9-diene (8) and dibenzo[2.2]metapara-
cyclophanediene (28) are 146, -96 and 24 °C respectively.)
In this project, the estimation of the free energy of activation for
the conformational flipping process of 28 and its coalescence temperature
(Tc) are subjected to uncertainties both in the measurement of the
coalescence temperature (7 as well as in the measurement of the
maximum frequency separation between the two different groups of
para-bndged protons. The employed calculation of involves the
use of equation 1
(1)
which is a combination of two equations (equations 2 and 3)
(2) and
(3).
More accurate results can be obtained with the use of the double-
irradation technique of Forsen and Hoffman4749,18.
Furthermore, it is believed that the presence of non-bonded
interaction (Scheme XIV) between the C-l proton and the C-15 proton as
well as the C-l2 proton and the C-l3 proton, resulting from the
conformational flipping of the meta-bridged ring of 28, is the main
reason for the unusually high energy barrier of the exchange process. The
synthesis of l,4-dimethyl-dibenzo[2.2]metaparacyclophane (48) will by
all means prove this notion, because the C-l methyl group of 48 will cause




Solvents used were purified by standard methods. All evaporatio:
of organic solvents was carried out by a rotary evaporator in conjunctio;
with a water aspirator. Merck silica gel (60 F254) precoated on ahiminiui!
sheet was used for TLC studies and Merck silica gel (70-230 mesh) wa
used for column chromatography. Preparative 'thin layer chromato
graphy (PTLC) was performed with the use of precoated glass plates (2(
x 20 cm) with a 1 mm layer of Camag silica gel with binder and LA
indicator. Melting points were measured on a hot-stage microscope an
were uncorrected.
All proton nuclear magnetic resonance (NMR) spectra were
recorded on a Brucker Cryospec WM 250 (250 MHz) spectrometer.
Deuterated chloroform (CDCI3) was used as solvent unless stated
otherwise and the chemical shift positions were in 8 (ppm) downfield
from internal tetramethylsilane (TMS). NMR spectroscopic terms were
reported by using the following abbreviations: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad. Mass spectra were recorded on
a VG Micromass 7070F spectrometer. Ultraviolet spectra were recorded
on a Varian Superscan 3 using spectroscopic grade ethanol as solvent.
Elemental analyses were carried out at Shanghai Institute of Organic
Chemistry, Academia Sinica, China.
-Iodotoluene (34)42
p-Toluidine (33) (50 g, 0.47 mol) was added to a solution of
concentrated sulfuric acid (390 mL) and water (650 mL). The resulting
mixture was vigorously stirred and was cooled to 0 °C. A cooled solution
(0 C) of sodium nitrite (j4 g, 0.49 mol) in water (200 mL) was added
dropwise with stirring and the temperature was not allowed to rise above
5 C during the addition. Then a cooled solution (0 C) of potassium
iodide (lol g, 0.79 mol) and iodine (13 g, 0.05 mol) in water (130 mL)
was added under the aforementioned conditions. The resulting mixture
was allowed to stand for 1 h at room temperature and then was wanned to
30 °C for 5 h. It was allowed to cool and then was extracted with
chloroform (3 x 800 mL). The organic layer was separated and shaken
with 0.6 N sodium thiosulfate solution (3 x 800 mL). The combined
organic layer was dried over anhydrous magnesium sulfate and was
evaporated. Flash column chromatography on silica gel (hexanes, TLC Rf
0.73) of the residue afforded the desired product 34 (79 g, 78%): mp
30.5-33.0 °C (lit.42 mp 35 °C); NMR (NMR-1) 5 2.35 (s, 3H, -CH3),
6.93-7.60 centered at 7.27 (A2X2, 4H, ArH, J= 8.0 Hz); MS me= 218
(M+), 91 (M+- I); accurate mass calcd for C7H7I 217.9593, found
917 0090
4-Methvl-2'-nitrobiDhenvl (36)
To a vigorously stirred solution of p-iodotoluene (34) (21 g, 96
mmol) and o-nitrobenzoic acid (35) (26 g, 156 mmol) in quinoline (50
mL) was added rapidly copper (I) oxide (9.0 g, 63 mmol) at 160 °C. After
the violent reaction proceeded for 30 min at 190-220 °C, it was poured to
ether (300 mL) with crushed ice. The resulting mixture was washed with
2 N hydrochloric acid (2 x 300 mL). The ethereal layer was seperated and
over anhydrous rriancsiuni sulfate Reduced pressure distillation
gave the orange liquid of the product 36 (8.0 g, 40%): bp 128-142
°C0.5-0.6 mmHg (lit.50 bp 143 °C4 mmHg); lH NMR (NMR-2) 8 2.37
(s, nH, -CH3), 7.20-7.79 (m, 8H, ArH); MS me= 213 (M+); accurate
mass calcd for C13HnN02 213.0790, found 213.0791.
2-Amino-4'-methylbiphenyl (37)28.
To a vigorously stirred solution of 4-methyl-2'-nitrobiphenyl (36)
(48 g, 0.23 mol) in ethanol (95%, 400 mL) was added catalytic amount of
Raney nickel (one spatula). Hydrazine hydrate (100%, 46 g) was added
dropwise at 71 °C within 25 min. After all hydrazine hydrate was added,
an additional amount of Raney nickel (one spatula) was added. The stirred
mixture was refluxed for 2 h. It was allowed to cool, filtered and
evaporated. The residue was mixed with chloroform and then was washed
with water (60 mL). The organic layer was separated and the aqueous
layer was extracted with chloroform (2 x 100 mL). The combined organic
layer was dried over anhydrous sodium sulfate and was evaporated to give
a brown colored liquid of the product 37 (41 g, nearly quantitative yield).
The product was used for reaction without further purification: H NMR
(NMR-3) 52.40 (s, 3H, -CH3), 2.76 (br s, 2H, -NH2), 6.75-7.57 (m, 8H,
ArH); MS m!e= 183 (M+).
2-Iodo-4'-methylbiphenyl (38)28.
2-Amino-4'-methylbiphenyl (37) (9.4 g, 51 mmol) was added to a
solution of concentrated hydrochloric acid (14 mL) and water (125 mL).
The resulting mixture was vigorously stirred and was cooled to 0 °C. A
cooled solution (0 °C) of sodium nitrite (4.0 g, 58 mmol) in water (90
mL) was added dropwise with stirring and the temperature was not
allowed to rise above 5 °C during the addition. Then a cooled solution (0
°C) of potassium iodide (17 g, 0.1 mol) and iodine (0.9 g, 3.5 mmol) in
water (j0 mL) was added under the same conditions. The resulting
mixture was allowed to stand for 1 h at room temperature and then was
warmed to o0 °C for 5 h. It was allowed to cool and then was extracted
with chloroform (2 x 80 mL). The organic layer was separated and
washed with 0.6 N sodium thiosulfate solution (2 x 150 mL). The
combined chloroform solution was dried over anhvdrous magnesium
sulfate and was evaporated. The desired product 38 was isolated (6.5 g,
60% from 36) by flash column chromatography on silica gel (hexanes,
TLC Rf 0.33): mp 34.5-36.0 °C; NMR (NMR-4) 52.40 (s, 3H, -CH3),
6.97-7.97 (m, 8H, ArH); MS me =295 (M+), 167 (M+ -1), 152 (M4 -1-
CHg); accurate mass calcd for C13H1 jl 294.9906, found 294.9905.
3,4-Dimethy 1-1,1' :2',l-terphenyl (39)-50.
A solution of 2-iodo-4'-methylbiphenyl (38) (7.6 g, 26 mmol) in
absolute ether (22 mL) was added dropwise to a stirred solution of n-
butyllithium (15% in hexane, 15.5 mL, 25mmol) in absolute ether (20
mL) under nitrogen atmosphere at 0 °C within 1 h. The mixture was
stirred for 3 h at 0 °C. At the same temperature, a solution of 3-
methylcyclohex-2-enone (40)43 (3.2 g, 29 mmol) in absolute ether (17
mL) was added dropwise within 1 h. The mixture was again stirred for 15
min at 0 °C and then was refluxed for 1 h. The solution was allowed to
cool and 10% sulfuric acid (40 mL) was added to quench the reaction. The
resulting mixture was stirred for 3 days. The organic layer was separated
and washed with saturated sodium bicarbonate solution (60 mL) and then
with water (60 mL). The solution was dried over anhydrous sodium
sulfate and was evaporated to give a residue. Toluene (70 mL) and 2,3-
dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) (4.7 g, 21mmol) were
added to the residue.The resulting mixture was refluxed overnight with
stirring. The insoluble substance was filtered and the solvent was
evaporated. Flash column chromatography on silica gel (hexanes)
afforded the starting material 38 (TLC 0.33) (3.2 g, 42%) and a
viscous colorless liquid of the desired product 39 (TLC Rf 0.23) (1.9 g,
28%): NMR (NMR-5) 52.25 (s, 3H, -CH3), 2.30 (s, 3H, -CH3), 6.87-
7.42 (m, 12H, ArH); MS me= 258 (M+); accurate mass calcdfor C2oHg
258.1409, found 258.1409.
3,4 -Bis(bromomethyl)-l,r :2',1 -terphenyl (43a)30.
To a stirred solution of 3,4-dimethyl-l,r:2',r,-terphenyl (39
(3.3 g, 13 mmol) in anhydrous carbon tetrachloride (150 mL) was addec
iV-bromosuccinimide (NBS) (4.4 g, 25 mmol, 1.9 equiv) and a,a'-
azobisisobutyronitrile (AIBN) (trace amount). The mixture was
irradiated with a sunlamp (500 W) for 17 h. The resulting succinimide
was filtered when cooled and the filtrate was evaporated. Column
chromatography on silica gel (hexanesbenzene= 91) gave the
dibrominated product 43a (TLC Rf 0.33) (3.2 g, 60%) as a yellowish oil




Monobromides 43b: TH NMR (NMR-6b) 8 2.25-2.30 (2s, 3H,-
CH3), 4.50 (s, 2H, -CH2-), 6.85-7.50 (m, 12H, ArH); MS me= 338 (M++
2), 336 (M+), 257 (M+- Br).
Benzo[2.2]metaparacyclophane (9)30'41.
Phenyllitbium was prepared44 by adding bromobenzene (6.6 g, 42
mmol) in anhydrous ether (16 mL) dropwise to a stirred suspension of
finely divided lithium (0.72 g, 0.1 mol) in anhydrous ether (9 mL) under
nitrogen within 3.5 h. Afterwards, the phenylhthium mixture was
transferred through syringe and the solid residue was discarded.
3,4-Bis(bromomethyl)-l,r:2,,l-terphenyl (43a) (1.18 g, 2.84
mmol) in anhydrous ether (150 mL) was added dropwise to the stirred
phenylhthium reagent in anhydrous ether (50 mL) within 66 h and under
nitrogen atmosphere. The resulting mixture was quenched with 1 N
hydrochloric acid (100 mL). The aqueous layer was extracted with ether
(2 x lOOmL) and the combined organic layer was dried over anhydrous
sodium sulfate and was evaporated.
Cyclophane 9 (0.38 g, 52%) was obtained after flash column
chromatography on silica gel (hexanesbenzene= 91, TLC Rf0.57): mp
117-119 °C (from hexanes) (lit.30 mp 118-119 °C); UV (UV-1)
Lmax(nm) (1°§ 216 (3.60), 288 (2.80); H NMR (NMR-7) 52.21-3.27
(m,4H, -(CH2)2-, ABCD,ab=0Hz,AC= H.8Hz,ad= 6.5 Hz, JBC=
5.7 Hz, bd= 11.8 Hz andcD= 11-8 Hz), 5.42-5.44 centered at 5.43 (t,
1H, m-AiH, J met a= 1-6 Hz), 6.07-6.25 centered at 6.16 (m, AB, 2H,p-
AtH,ab= 8-0 Hz,ax=BY= I-6 Hz anday =bx=° Hz), 6.81-7.16
(m, ABC, 3H, m-ArH, =BC= 7.5 Hz), 7.29-7.65 (m, 6H, o-ArH(4H)
and p-ArH(2H)); MS mle- 256 (M+); accurate mass calcd for CgHig
256.1253, found 256.1256.
Anal. Calcd: C 93.71; H 6.29. Found: C 93.95; H 6.20.
Mixture of 9-bromo-benzo[2.2]metaparacyclophane and 10-
bromo-benzo[2.2]metaparacyclophane (44).
To a stirred solution of cyclophane 9 (0.57 g, 2.22 mmol) in
absolute carbon tetrachloride (50 mL), A-bromosuccinimide (NBS) (0.51
g, 2.87 mmol, 1.29 equiv) and a,oAazobisisobutyronitrile (AXBN) (trace
amount) were added. The mixture was irradiated with a sunlamp (500 W)
for 13 h. The resulting succinimide was filtered when cooled and the
filtrate was evaporated. Column chromatography on silica gel
(hexanesbenzene= 91) afforded the starting material 9 (TLC Rf 0.57)
(0.28 g, 48%) and the monobrominated product 44 (TLC Rf0A8) (0.40
g, 53%) as a mixture of several isomers: mp 119-123 °C; NMR (NMR-
8); MS me= 336 (M++ 2), 334 (M+), 255 (M+- Br); accurate mass calcd
for C2oHi5Br 334.0358, found 334.0354.
Anal. Calcd: C 71.65; H4.51. Found: C 71.18; H 4.58.
Benzo[2.2]metaparacyclophan-9-ene (27)41.
To a stirred solution of the isomeric mixture of monobromide 44
(0.17 g, 0.5 mmol) in tetrahyrofuran (17 mL) was added dropwise a
suspension of potassium r-butoxide (1.7 g, 15 mmol, 30 equiv) ir
tetrahydrofuran (17 mL) under nitrogen within 15 min. 2 N Hydrochloric
acid (20 mL) was added to the mixture after stirring for 20 h. The organic
layer was separated and the aqueous layer was extracted with
dichloromethane (3 x 40 mL). The combined organic layer was dried
over anhydrous sodium sulfate and was evaporated. Cyclophane 27 was
obtained after column chromatography on silica gel (hexanesbenzene=
91, TLC 0.49): mp 90-91 °C (from hexanes); UV (UV-2)
(log s) 214 (3.86), 238 (3.82); [H NMR (NMR-9) 54.79 (s, 1H, m-ArH),
6.72-6.77 centered at 6.75 and 7.23-7.27 centered at 7.25 (2d, AX, 2H,
olefinic H,= 10 Hz), 6.93 (s, 4H,?-ArH), 6.88-6.89 and 7.03-7.17
(2d, 2H, ot-AtH, J0rtho~ 7-5 Hz), 7.07-7.17 centered at 7.12 (t, 1H, m-
ArH, J0riho: 7-5 Hz, 7.5 Hz), 7.35-7.50 (m, 2H, o-ArH,= 7-4 Hz,
7meta= 1 •7 Hz, Jpara~® Hz), .50-7.77 (m, 2H, o-ArH, Jortho~ 7.4 Hz,
Jmeta= L7 Hz, J para— 0 Hz); MS me= 254 (M+); accurate mass calcd
for C20H14 254.1096, found 254.1100.
Anal. Calcd: C 94.45; H 5.55. Found: C 94.67; H 5.51.
9,10-Dibromo-benzo[2.2]metaparacyclophane (32a) and (32b).
To a stirred solution of the cyclophane 27 (35.8 mg, 0.140 mmol)
in anhydrous carbon tetrachloride (4 mL), bromine (88.3 mg, 0.55
mmol) in anhydrous carbon tetrachloride (4 mL) was added dropwise
during 30 min. A solution of 0.6 N sodium thiosulfate (12 mL) was added
after stirring for 5 h. The organic layer was separated and the aqueous
layer was extracted with carbon tetrachloride (2 x 12 mL). The combined
organic layer was dried over anhydrous magnesium sulfate and was
evaporated. Preparative thin layer chromatography on silica gel
(hexanesbenzene= 91) afforded mixture of dibromides 32a (TLC Rf
0.43, 37.5 mg, 64%) and 32b (TLC 15.0 mg, 26%): NMR
(NMR-10).
Dibromide 32a: mp 243-248 °C; NMR (NMR-10a); MS mle=
416 (M++ 4), 414 (M++ 2), 412 (M+), 335 (M+- Br+ 2), 333 (M+-
Br); accurate mass calcd for C2oHi4Br2 411.9462, found 411.9480.
Anal. Calcd: C 58.00; H 3.41. Found: C 56.90; H 3.54
(contaminated with small amount of impurity).
Dibromide 32b: mp 136-140 °C; lH NMR (NMR-10b); MS=
416 (M++ 4), 414 (M++ 2), 412 (M+), 335 (M+- Br+ 2), 333 (M+-
Br).
Anal. Calcd: C 58.00; H 3.41. Found: C 58.29; H 3.52.
l,4-Dihydro-l,4-endoxo-14,17-etheno-5,9-methenodibenzo-
cyclotridecene (29) from mixture of dibromides 32a and 32b.
To a mixture of the dibromides 32a and 32b (290.2 mg, 0.7 mmof
and freshly distilled furan (21 mL, 0.29 mol) was added dropwise a
suspension of potassium r-butoxide (3.0 g, 27 mmol) in tetrahydrofuran
(20 mL) under nitrogen within 1 h. After stirring for 25.5 h, the mixture
was quenched with 1 N sulfuric acid (45 mL). The organic layer was
separated and the aqueous layer was extracted with dichloromethane (3 x
20 mL). The combined organic layer was dried over anhydrous
magnesium sulfate and was evaporated. The isomeric mixture of endoxide
29 was afforded after column chromatography on silica gel (benzene) of
the residue (TLC Rf0A0) (114.1 mg, 51%): mp 300 °C; lU NMR
(NMR-11); MS me= 320 (M+); accurate mass calcd for C24H15O
320.1202, found 320.1201.
l,4-Dihydro-l,4-endoxo-14,17-etheno-5,9-methenodibenzo-
cyclotridecene (29) from mixture of dibromides 32a.
To a mixture of the dibromides 32a (29.2 mg, 0.07 mmol) and
freshly distilled furan (2.0 mL, 28 mmol) was added dropwise a
suspension of potassium r-butoxide (0.30 g, 2.7 mmol) in tetrahydrofuran
(2.0 mL) under nitrogen within 30 min. After stirring for 15.5 h, the
mixture was quenched with 1 N sulfuric acid (4.0 mL). The organic layer
was separated and the aqueous layer was extracted with chloroform (3 x
12 mL). The combined organic layer was dried over anhydrous
magnesium sulfate and was evaporated. The physical and spectroscopic
properties of the isolated product (12.0 mg, 53%), afforded after
preparative thin layer chromatography of the residue on silica gel
(benzene), were in accord with an authentic sample of the endoxide 29.
l,4-Dihydro-l,4-endoxo-14,17-etheno-5,9-methenodibenzo-
cyclotridecene (29) from mixture of dibromides 32b.
To a mixture of the dibromides 32b (15.0 mg, 0.04 mmol) and
freshly distilled furan (2.0 mL, 28 mmol) was added dropwise a
suspension of potassium r-butoxide (0.20 g, 1.8 mmol) in tetrahydrofuran
(3.0 mL) under nitrogen within 30 min. After stirring for 15.5 h, the
mixture was quenched with 1 N sulfuric acid (5 ml,). The organic layer
was separated and the aqueous layer was extracted with chloroform (3 x
5.0 mL). The combined organic layer was dried over anhydrous sodium
sulfate and was evaporated.The physical and spectroscopic properties of
the isolated product (5,4 mg, 47%), afforded after preparative thin layer
chromatography of the residue on silica gel(benzene), were in accord
with an authentic sample of the endoxide 29.
Dibenzo[2.2]metaparacyclophanediene (28).
Titanium (IV) chloride (0.24 mL, 2.1 mmol) was added carefully
to anhydrous tetrahydrofuran (10 mL) at 0 °C under nitrogen
atmosphere. Lithium aluminium hydride (LAH) (80 mg, 2.1 mmol) was
added under the same condition, followed by triethylamine (53.7 mg, 0.54
mmol) in anhydrous tetrahydrofuran (1 mL). The mixture was stirred
and refluxed for 45 min. After the mixture was allowed to cool to room
temperature, the endoxide 29 (6.1 mg, 0.02 mmol) in tetrahydrofuran (2
mL) was added. The mixture was stirred for 1 h before the careful
addition of saturated potassium carbonate solution (20 mL). The aqueous
layer was extracted with chloroform (3 x 20 mL). The combined organic
layer was dried over anhydrous sodium sulfate and was evaporated.
Finally, thin layer chromatography on silica gel (hexanes benzene= 91,
TLC Rf 0.58) afforded the desired compound 28 (3.9 mg, 67%): mp 250
°C dec; UV (UV-3) Lmax(nm) (1°§£): 720 (4.53), 250 (4.26); NMR
(NMR-12) (d6-acetone, 24 °C) 5 5.12-5.14 centered at 5.13 (t, 1H, m-
ArH, Jmeta= A8 Hz) 6-95 (br' PArH) 7.08-7.12 centered 7.10 (dd, 2H,
m-ArH, Jortho= 8-° Hz' Jmeta= A8 Hz) 7.25-7.32 centered at 7.29 (t,
1H, m-ArH, Jnrtho= 8-° 8-° 7.40-7.55 (m, 4H, oArH, J0rtho=
7.5 Hz, Jmeta— 1-7 Hz), 7.57-7.78 (dd, 4H, o-ArH, Jgrtho- 7.5 Hz, J
= 1.7 Hz, Jnara= 0 Hz); MS mle= 304 (M+).
Anal. Calcd: C 94.70; H 5.30. Found: C 94.71; H 5.29.
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